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@ Liquid crystal matrix driving method. 

@ A liquid crystal matrix driving method capable of shorten- 
ing the re-write time of a picture surface is^ disclosed. In 
accordance with this method, pixels are brought to the light ON 
state or OFF state by changing in advance (period I) the light 
transmission state by utilizing the bistability of the display of the 
ferroelectric liquid crystal, a voltage keeping the light ON state 
or an OFF voltage is then applied to the pixels when they are 
already in the ON state in accordance with a time-division 
drivin^method such as line sequence scanning driving or dot- 
sequence scanning driving (period 3). and a voltage keeping the 
OFF state or an ON voltage is applied when the pixels are 
already in the OFF state (period 2). 



FIG. 1(c) 

Vn V rj Vyj 

III 




FIG. Kb) 



ID 



{21 



13] 



SI 



II): INITIALIZATION P£R(00 
12}. NOW - SELECTION PERIOD 
K 3 J I SELECTION PERIOD 
Ht i STOP PEHtOO 



Bundesdruckerei Berlin 



1 



0 229 647 



2 



Description 



LIQUID CRYSTAL MATRIX DRIVING METHOD 



BACKGROUND OF THE INVENTION 

This invention relates to a liquid crystal matrix 5 
device using a ferroelectric liquid crystal having a 
smectic phase, and more particularly to a liquid 
crystal display device suitable for large scale display. 

Ferroelectric liquid crystal molecules assume a 
layered structure and a spiral structure such as 10 
shown in Fig. 2 of the accompanying drawings. In the 
drawings, reference numeral I represents liquid 
crystal molecules and 2 does spontaneous polariza- 
tion. 

When an electric field E above a threshold voltage 15 
is applied vertically to a spiral axis, the molecules 
move inside the layer while keeping the layered 
structure and the spiral gets loosened so that a 
permanent dipole moment vertical to the long major 
axis of each molecule becomes parallel to the 20 
electric field. Accordingly, the molecules are 
oriented parallel to one another not only in the layers 
but also between the layers as shown in Fig. 2(a). 

If the direction of the electric field is reversed, the 
liquid crystal molecules assume the state shown in 25 
Fig. 2(c). In other words, two state where the liquid 
crystal molecules are inclined by ±0 can be 
established by selecting the direction of the electric 
field, and a display device or an optical shutter 
device can be produced by either utilizing birefrin- 30 
gence or adding a dichroic pigment to the liquid 
crystal. 

When the electric field is removed, the ferroelec- 
tric liquid crystal molecules generally return to the 
original spiral structure due to the orientation elastic 35 
righting moment as shown in Fig. 2(b), but it is 
known in the art that when the liquid crystal layer is 
as thin as about I urn, for example, a bistable state 
where the spiral re mains substantially loosened 
such as shown in Figs. 2(a) and (c) can be 40 
established even when the field is zero. 

One example of the conventional time-division 
driving methods of the ferroelectric liquid crystal 
exhibiting such a bistable state is shown in Figs. 3 
and 4. 45 

Fig. 3 shows the outline of a liquid crystal device. 
A liquid crystal as a ferroelectric liquid crystal 
exhibiting a chiral smectic phase is sealed between 
X and Y electrodes 3 and 4. 

Fig. 4 shows driving waveforms to be applied to 50 
the X arja* Y electrodes 3, 4 when a pixel A is turned 
ON while a pixel B is turned OFF. 

A voltage having a voltage value of ±2 V is 
sequentially applied to the X electrode, while a 
voltage having a voltage value of ± V is applied to the 55 
Y electrode. As a result, the +3 V voltage or ±V 
voltage is applied to the pixel A, which is turned ON, 
while the -3 V voltage or ± V voltage is applied to the 
pixel B, which is turned OFF. 

In accordance with this driving method, the 60 
application time At of ±3 V voltage which deter- 
mines the display state of the pixels is 1/4 of the 
selection time T s of one line. Therefore, the optical 



response time of the liquid crystal must be below 1/4 
T s . 

On the other hand, the optical response time of 
the smectic liquid crystals available at present is 
from about 0.5 to about I ms. Therefore, if the 
number of scanning lines is N = 500. the re-write 
time of one picture surface is as long as about two 
seconds because the selection time T s of one line is 
T s = 4 ms. 

As the prior art references relating to the driving 
methods of the kind described above, mention can 
be made of Japanese Patent Laid-Open Nos. 
123,825/1985 and 33535/1985. 

Here, the driving method disclosed in Japanese 
Patent Laid-Open No. 123,825/1985 will be explained. 

This driving method makes scanning twice, that is, 
ON scanning and OFF scanning, to re-write the 
display content of one picture surface. Figs. 49(a) 
and 49(b) show the voltage waveforms to be applied 
to scanning electrode (common electrode) and to * 
signal electrode (segment electrode) in ON and OFF 
scanning, respectively. 

In the drawings, symbols ayr, oyc, ayd and oyd 
denote the scanning voltages to be applied to the 
scanning electrode while oxr, oxr. oxd and oxd 
represent the signal voltages to be applied to the 
signal electrode. 

Fig. 50 shows the voltage which is determined 
from Figs. 49(a) and (b) and applied to the liquid 
crystal. This voltage represents the waveform when 
the matrix liquid crystal consisting of the signal 
electrodes 301 and the scanning electrodes 302 
shown in Fig. 51 is driven on the time division basis. 

The voltage applied to a pixel 303a when setting 
the pixels 303a - 303e to the display state shown in 
the drawing is Vyi - Vxi- Here, the display ON state is 
set when a negative voltage (-V ap ) Is applied to the 
liquid crystal. 

As shown in the drawing, a ±1/3 V ap bias voltage 
is applied during the non-selection period of the 
pixel 303a, but the application time of the same 
polarity is not constant but changes in two stages. 

On the other hand, it is known that the optical 
threshold votlage of ferroelectric liquid crystals is 
not clear with respect to a d.c. voltage. Therefore, 
the liquid crystal responds to the bias voltage and 
the peak value of a transmission light quantity T 
becomes greater with a longer application time of 
the same polarity and becomes smaller with a 
shorter application time. As a result, during the 
re-write operation of information, variance occurs in 
the light transmission state for the reasons de- 
scribed above and the display quality gets deterior- 
ated. In other words, flicker of the display occurs on 
a display and the display quality drops during the 
rewrite operation of the picture surface. 

As described above, when applied to a large 
picture surface high precision liquid crystal panel 
having a large number of scanning lines, the 
conventional driving methods involve the practical 
problems that a long time is necessary for re-writing 
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the entire picture surface and variance occurs in the 
light transmission state. 

SUMMARY OF THE INVENTION 

In a time-division driving method of a ferroelectric 5 
liquid crystal exhibiting bistability, it is a first object 
of the present invention to provide a driving method 
of a liquid crystal which can shorten tr\e re-write time 
of a picture surface. 

It is a second object of the present invention to w 
provide a driving method of a liquid crystal which can 
eliminate the problems of the prior art described 
above and can accomplish a ferroelectric liquid 
crystal device having high quality. 

The first characterizing feature of the present 15 
invention lies in that the pixels are brought to the 
light ON state or OFF state by changing in advance 
the light transmission state by utilizing the bistability 
of the display of the ferroelectric liquid crystal, a 
voltage keeping the light ON state or an OFF voltage 20 
is then applied to the pixels when they are already in 
the ON state in accordance with a time-division 
driving method such as line sequence scanning 
driving or dot sequence scanning driving, and a 
voltage keeping the OFF state or an ON voltage is 25 
applied when the pixels are already in the OFF state.. 

In accordance with the first characterizing feature 
of the invention described above, since the desired 
pixels are all set once to the initial state, it is 
necessary only to select other two kinds of voltages 30 
for time-division driving. Accordingly, the re-write 
time of the picture surface can be shortened. 

The second characterizing feature of the present 
invention resides in that during a selection period in 
which the light transmission state of the liquid crystal 35 
It device is determined, a first voltage is applied 

primarily to the ferroelectric liquid crystal so that the 
direction of the ferroelectric liquid crystal molecules 
in the proximity of the scanning electrodes and the 
signal electrodes is substantially in agreement with 40 
the direction of the ferroelectric liquid crystal 
molecules at about an intermediate portion between 
the scanning electrodes and the signal electrodes; 
and during the non-selection period for keeping the 
light transmission state of the ferroelectric liquid 45 
crystal device, a mixture of a second voltage (bias 
voltage), which brings the direction of the liquid 
crystal molecules in the proximity of the scanning 
electrodes and the signal electrodes into substantial 
conformity with the direction during the selection 50 
period but differentiates the direction of the fer- 
roelectric liquid crystal molecules in the proximity of 
the scanning electrodes and the signal electrodes 
from the direction of the liquid crystal molecules at 
the intermediate portion, and a third voltage (erasing 55 
voltage), which brings the direction of the ferroelec- 
tric liquid crystal molecules in the proximity of the 
scanning electrodes and the signal electrodes into 
substantial conformity with the direction during the 
selection period and the direction of the ferroelectric 60 
liquid crystal molecules at about the intermediate 
portion between the scanning electrodes and the 
signal electrodes into substantial conformity with the 
direction during the selection period, is applied to 
the ferroelectric liquid crystal. 65 



In accordance with a preferred embodiment of the 
second characterizing feature of the invention 
described above, the voltage value and pulse width 
of the bias voltage to be applied to the liquid crystal 
in the non-selection period are selected so that the 
liquid crystal does not reach the transmission light 
ON or OFF state, and a substantially 0 V voltage is 
inserted in the pre-stage or post-stage, or both of, 
the non-selection period of one line for a period 
exceeding the relaxation time of the liquid crystal 
when the bias voltage is applied thereto. 

The second characterizing feature of the present 
invention is based upon the relaxation phenomenon 
that when a third voltage (a voltage not sufficient to 
inverse the ON or OFF state of the liquid crystal) is 
applied to the liquid crystal which is under the ON or 
OFF state, the liquid crystal returns to the original 
state, and the voltage (about 0 V) which returns the 
liquid crystal to the original state for a period longer 
at least than the relaxation period is inserted into the 
bias voltage in order to prevent variance of the light 
transmission state. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

Figs. I, 28 and 3 are conceptual views'of one 
embodiment of the present invention; 

Figs. 2 and 38 show the orientation of liquid 
crystal molecules; 

Figs. 3, 4 and 49 through 51 show prior art 
examples; 

Figs. 5 through 7 show one example of the 
structure of a liquid crystal panel and a liquid 
crystal material; 

Figs. 8 through 10, 42 and 43 show the 
characteristics of liquid crystals; 

Figs. II through 23, 29 through 33 and 45 
through 47 show the driving waveforms in the 
present invention; 

Figs. 24 and 34 show definite examples of a 
driving circuit; 

Figs. 25 and 35 show the timing charts of 
Figs. 24 and 34, respectively; 

Figs. 26 and 27 show application examples of 
the present invention; 

Figs. 36 and 37 show one example of the 
liquid crystal panel which is used in the present 
invention; 

Figs. 40 and 41 are explanatory view of a liquid 
crystal relaxation phenomenon; 

Fig. 44 is an equivalent electric circuit 
diagram of the liquid crystal panel used in the 
present invention ; and 

Fig. 48 shows another example of a bias 
, voltage waveform. 

DESCRIPTION OF THE PREFERR ED 
EMBODIMENTS " 

Hereinafter, preferred embodiments of the pres- 
ent invention will be described in detail. Fig. 5 shows 
schematically the structure of a liquid crystal display 
device 5. The device is produced by arranging a 
substrate 8 such as a glass sheet on which signal (Y) 
electrodes 7 the number of which is plural are 
formed and a substrate It such as a glass sheet or 
plastics on which scanning (X) electrodes 6 the 
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number of which is pfural are formed in such a 
manner as to face each other with a predetermined 
gap between them, and then inserting a ferroelec- 
tride liquid crystal 10 exhibiting a chirai smectic 
phase between these substrates. 

A liquid crystal orientation film 9 is formed by 
spincoating an organic matter (polyimide) by a 
spinner and then rubbing the film. The orientation 
treatment may be made to only one of the substrates 
or need not be made for both substrates without 
deteriorating the optical memory operation that will 
be described elsewhere. 

A mixed liquid crystal shown in Fig. 6 or a liquid 
crystal shown in Fig. 7 is used as the liquid crystal 10 
described above. Display in this case may be of a 
birefringence type In which two polarizers are fitted 
onto the substrate of the liquid crystal display 
device 5 or of a guest-host type in which a dichroic 
pigment is sealed in the liquid crystal 10. Particularly 
in the case of the guest-host type display, the liquid 
crystal shown in Fig. 7 can be used most suitably. 

Next, one example of the arranging methods of 
liquid crystal molecules will be described. After 
being heated to an isotropic liquid phase, the liquid 
crystal is annealed at a rate of about 0.1° C/min. As a 
result, a chirai smectic C phase is attained in which 
the long axis of the molecules is inclined from a layer 
normal. 

Fig. 8(a) shows the relation between the axes A. P 
of polarization of the polarizer and the liquid crystal 
molecules 2I2a, 212b in the birefringence display and 
Fig. 8(b) shows the relation between the axis of 
polarization A of the polarizer and the liquid crystal 
molecules 2I3a, 213b in the guest-host display. In 
either case, display becomes dark when the liquid 
crystal molecules are aligned along the axis of 
polarization A and the light is cut off (light OFF state) 
and becomes bright (light ON state) when they are 
inclined by 26 and the light is passed (on the right 
side in the drawings), on the contrary. 

Figs. 8 and 9 show the electro-optical characteris- 
tics of the liquid crystal display device obtained in 
the manner described above. Fig. 8 shows the 
relation between the driving voltage Vd of the liquid 
crystal display device and its optical response 
waveform B. As shown in the diagram, the display 
mode is either the light ON state (positive polarity) or 
the light OFF state (negative polarity) depending 
upon the polarity of the driving voltage Vd. The liquid 
crystal device exhibits the memory operation (bi-sta- 
bility) which keeps the light ON state or light OFF 
state even after the negative or positive polarity is 
removed (0 V). As a result of actual measurement 
this memory time is found to be more than some 
dozens of seconds. 

The driving voltage Vd of the liquid crystal shown in 
Fig. 8 represents the waveform when the liquid 
crystal is driven statically. On the other hand. Fig. 9 
shows an example of the driving voltage waveforms 
when the liquid crystal matrix panel is driven on the 
time-division basis and an example of the optical 
response waveforms at that time. 

The driving voltage Vd consists of a write voltage 
(voltage value ±V W ) and a bias voltage (voltage 
value ±Vb). Each of the pixels of the liquid crystal is 



selected once in one frame period and the write 
voltage described above is applied thereto. The 
liquid crystal is brought into the light OFF state or 
the display ON state ir \ accordance with the polarity 
5 of the voltage that is finally applied in this selection 
period, and keeps this state until a write voltage is 
applied afresh. 

On the other hand, in the non-selection period in 
which the write voltage is not applied, the bias 

10 voltage described above is applied. As a result, the 
brightness of the liquid crystal determined by the 
write voltage changes in accordance with this bias 
voltage. The inventors of this invention confirmed 
from the result of experiments that this change 

15 quantity depends upon the voltage value ± Vb of the 
bias voltage, the pulse width Tb, the pulse period T C [ 
and the application time T C 2. 

Next, Fig. I0 shows the relation between the write 
voltage and the bias voltage versus the brightness of 

20 the liquid crystal. Fig. 10(a) shows the write voltage- 
vs-brightness characteristics. The display state 
changes to the ON or OFF state depending upon the 
polarity of the write voltage, and the peak value of 
the write Voltage at which the brightness B increases 

25 to 900/0 is hereby defined as an ON saturation value 
V w sat(ON) and the peak value at which the brightness 
drops to lOQ/o, as an OFF saturation value V w sat (off). 

Fig. 10(b) shows the bias voltage-vs-brightness 
characteristics in the application period t c i of the 

30 bias voltage shown in Fig. 9. 

Characteristics A represent those when the initial 
state of brightness is brought into the OFF state 
while characteristics B represent those when the 
initial state is brought into the ON state, on the 

35 contrary. In the characteristics shown in the diag- 
ram, the peak value of the bias voltage when the 
brightness B drops to 90<Vb is defined as an "OFF 
threshold voltage Vbth(OFFT and the peak value 
when the brightness increases to 10°/o is defined as 

40 an "ON threshold voltage VbtrtfONf, respectively. 

In matrix driving, the write voltage and the bias 
voltage must satisfy the following relation: 

I Vwl ^ V w sat(ON), V w sat(OFF) (1) 

I Vbl ^ Vbth(ON), Vbth(OFF) (2) 

45 Next matrix driving dealt with in the present 
invention will be briefly described with reference to 
Fig. I. Fig. I(a) shows schematically a matrix panel. 
The points of intersection between signal electrodes 
12 and scanning electrodes 13 form pixels 14. 

50 The voltage waveform applied to the liquid crystal 
pixels by the signal + voltages Vyt, Vy2. Vy3 to the 
signal electrodes I. 2. 3 and the scanning voltages 
Vxi, Vx2, Vx3to the scanning electrodes I, 2. 3 will be 
described with reference to the pixel P22 by way of 

55 example. 

Fig. l(b) shows schematically the voltage wave- 
form applied to the pixel P22. The application timing 
of the voltage consists of five periods, i.e., the 
initialization period Tin of all the pixels, the non-se- 

60 lection periods Tnsi. Tns2- the selection period Tsl 
and the stop period Tst\ Incidentally, the stop period 
Tst may be omitted. 

The initialization period Tin determines the display 
state of the liquid crystal to the display ON state or 

65 the display OFF state. The waveform A represents 
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the case where the liquid crystal is set to the display 
OFF state in the initialization period while the 
waveform B represents the case where it is set to 
the display ON state. 

The operation described above is effected for ad 
the pixels, but may be effected for at least those 
pixels (in a line unit) whose display content needs be 
re-written. In either case, the initialization voltage 
± Vin is applied altogether to the pixels as the object 
of initialization. 

After the initialization operation described above 
is complete, voltages which bring the liquid crystal to 
the display ON state or display OFF state are applied 
to the pixels by line sequence scanning in the 
selection period Tsl- 

When, for example, the liquid crystal is set to the 
display OFF state in the initialization period Tin as 
rep-resented by the waveform A, the voltages to be 
applied to the pixels in the selection period T S l are a 
write voltage above V w sat(ON) for turning on the 
pixels and a voltage below Vbth(ow) for keeping the 
OFF state, on the contrary. 

When the liquid crystal is set to the display ON 
state in the initialization period Tim as represented by 
the waveform B, the voltages to be applied in the 
selection period Tsl are a voltage below V w sat(OFF) 
for turning off the pixels and a voltage below 
Vbth(OFF) for keeping the ON state, on the contrary. 

Furthermore, the voltage to be applied to the 
liquid crystal in the stop period Tst is V b th{ON) or a 
voltage below Vbth(OFF), or no voltage at all is applied 
to both the scanning electrodes and the signal 
electrodes. This state can be attained by bringing 
the output of the driving circuit to a high impedance. 

As described above, one of the characterizing 
features of the present invention lies in that the 
voltage for determining the display state of the liquid 
crystal is applied in the initialization period T fNl and 
the voltage keeping the display state described 
above or the voltage inversing the display state is 
applied in the selection period Tsl. 

In connection with the display characteristics of 
the liquid crystal that have so far been described, the 
display state is defined as the "display ON state" by 
the positive polarity and as the "display OFF state" 
by the negative polarity, but this definition is merely 
for convenience's sake. In other words, the display is 
in the OFF state at the positive polarity and ON state 
at the negative polarity if setting of the polarizer is 
reversed, for example. 

Next, a definite example of the voltage waveforms 
applied to the liquid crystal panel wili be described 
with reference to the liquid crystal panel shown in 
Fig. ^ The impressed voltages to the signal 
electrodes 15a 'V 15c are defined as the signal 
voltages V Y | 'V Vy3 and the impressed voltages to 
the scanning electrodes !6a *V 16c, as the scanning 
voltages Vxi *V W3. Fig. 12 shows the relation 
between the polarities of the scanning voltage 
Vx(V X i *V Vx3). the signal voltage V Y (V Y | *V VV3] and 
the brightness of the pixel 7. The display state is 
hereby assumed to be ON and OFF when the 
polarities of the voltage applied to the pixels are 
positive and negative, respectively. 

Fig. 13 shows one example of the scanning voltage 



Vx. the signal voltage V Y and the voltage applied to 
the pixel. 

Vix of the scanning voltage and V| Y of the signal 
voltage are the voitages for initializing the brightness 
5 of the pixel. They will be hereinafter referred to as the 
"initialization voltage". Symbol V s represents a 
selection voltage which is applied to a selected 
scanning electrode, and symbol V NS represents a 
non-selection voltage which is applied to a non-se- 
10 lected pixel. Furthermore, symbol VYirepresents a 
holding voltage which is applied to the scanning and 
signal electrodes after re-write of the picture 
surface. 

On the other hand, V w is applied to the signal 
15 electrode in order to inverse the brightness of the 
pixels that have been initialized by the write voltage, 
and Visjw is applied to the signal electrodes in order 
to hold the brightness of the pixels that have been 
initialized by the non-write voltage. 

20 In this example of the driving waveform, particu- 
larly in the scanning voltage V x . the peak value of the 
non-seiection voltage V ws is set to I/2 of the 
selection voltage Vs. Incidentally, the holding voltage 
Vh may be omitted. ^ ^ 

25 As a result, the voltage V x - V Y applied to the 
pixels consists of each of the portions of the 
initialization period A, the write period B, the holding 
periods C, D, E and F. Since the pixels are turned ON 
in the initialization period A, the liquid crystal is 

30 reversed to the. OFF state in the write period B. In the 
holding periods of C, D, E and F, the pixels hold the 
ON state. 

Fig. 14 shows an example of the driving waveform 
in order to bring the brightness into the OFF state 

35 since the brightness in the initialization state in Fig. 
J3 is ON. In comparison with the waveforms shown in 
Fig. 13. the phases of the initialization voltages Vix 
and Vs of the scanning voltage V x , the phase of the 
initialization voltage V| Y of the signal voltage V Y and 

40 the phases of the write voltage V w and non-write 
voltage Vmw are opposite to those in Fig. 13. 

As a result, the pixels are in the OFF state in the 
initialization period A and in the ON state in the write 
period. Furthermore, the pixels hold the OFF state in 

45 the holding periods of C, D, E and F. 

Figs. 15 and 16 show other driving waveforms. Fig. 
15 shows the waveform for bringing the brightness 
into the ON state when the pixels are initialized and 
Fig. 16 shows the OFF state, on the contrary. 

50 Figs. I7 and !8 show other driving waveforms. Fig. 

17 shows the waveform for bringing the brightness 
into the ON state in the initialization period and Fig. 

18 shows the waveform for the OFF state. 

Figs. 19. 20 and 21 show the modified waveforms of * . I- 
55 the waveforms shown in Figs. 13, 15 and 17, 
respectively. 

The characterizing feature of the driving waveform 
shown in Fig. 19 lies in that the period AT, in which 
the voltage is 0 V, is provided in the selection voltage 
60 Vs and the non-selection voltage Vns and the write 
voltage Vw and the non-write voltage Vnw. 

Accordingly, the voltage V x - V Y applied to the 
pixel becomes 0 V for only the time AT in the write 
period B and the holding periods C, D and E. 
65 This is based on the experimental result that if the 
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pulse width is narrowed when the amplitude value of 
the voltage of the voltage waveform applied to the 
liquid crystal particularly in the holding period 
(non-selection period) is made constant, the optical 
threshold voltages Vbth(ON) and Vbth(OFF) of the liquid 
crystal rise, the rise becomes sharp and the 
characteristics can be improved. 

Figs. 20 and 21 show other driving waveforms 
based on the same concept as that of the driving 
method shown in Fig. 19. 

Incidentally, the same driving method can be used 
for the modified embodiments shown in Figs. 14. 16 
and 18, though the detail is omitted. 

The 0 V period may be disposed in the initialization 
period in the embodiments shown in Figs. 19. 20 and 
2L 

Next, the voltage waveforms applied to the 
scanning electrodes and the signal electrodes when 
the pixel Pi 1 is turned ON and the pixels Pi 2 and P13 
are turned OFF in the liquid crystal panel shown in 
Fig. II, and the voltage waveforms applied to the 
pixels, are shown in Figs. 22 and 23. 

The waveforms shown in Figs. 22 and 23 are 
based on the voltage waveforms shown in Figs. 17 
and 18. 

The ti time is the initialization time for initializing all 
the pixels. Therefore, Vxi *V Vx3 are set to the 
initialization voltage Vjx and Vyt *V Vy3 are set to the 
initialization voltage Viy. Therefore, +3 Vq voltage is 
applied to the liquid crystal and eventually, the liquid 
crystal is turned ON. 

Next, the selection voltage Vs is sequentially 
applied to each scanning electrode in the t2, t3 and t4 
periods. At this time, the non-write voltage Vnw is 
applied to the signal electrodes in order to turn ON 
the pixels asPn, so that the pixels hold the initial 
state before the start of scanning. 

On the other hand, the write voltage Vw is applied 
in order to turn OFF the pixels as P12, so that the 
display state of the pixels is inversed to the OFF 
state. 

Re-write of one picture surface is completed by 
the operations described above. After completion, 
the Vh voltage is applied to the scanning electrodes 
and the signal electrodes, but a voltage that does 
not inverse the initial state may be applied. For 
example, the scanning voltage is set to the non-se- 
iection voltage Vns while the signal voltage is sefHo 
Vnw. 

Fig. 23 shows an example of the voltage wave- 
forms when the initial state is set to the OFF state. 

Fig. 24 shows an example of the driving circuits. 
Reference numerals 23a *V 23d Snd 24a *V 24d 
represent affalog switches; 25 and 23 are switches; 
29 is a scanning circuit; 27 is a line memory: 28 is a 
shift register; 20 is a liquid crystal panel; 2l is a signal 
electrode; and 22 is a scanning electrode. 

The analog switches 23a *V 23d select an a input 
when the scanning signals Ci "V Cn are "L~ and a b 
input when the latter are n H". The analog switches 
24a *V 24d select the a input when the display 
signals £\ "V £\_ are "L" and the b input when the latter 
are "H\ The switches 25. 26 select the a input when 
a driving change-over signal CP[ is W FT and the b 
input when the latter is 1". 



The operation this circuit is shown in Fig. 25. The 
scanning circuit 29 and the line memory are reset by 
the reset signal RS to set the scanning signals Ci *V 
Cn and the display signals £\ *V to the K L B level. 

5 Further, the driving change-over signal CPi is set to 
"FT in the tEperiod. As a result, the outputs of the 
analog switches 23 *V 23d become the initialization 
voltage Vix while the outputs of the analog switches 
24a *V 24d become the initialization voltage Viy. 

10 Accordingly, all the pixels are brought into the initial 
state. 

After the operation described above is complete, 
the output of the shift register 28 is taken into the 
line memory 27 at the timing of the sync signal SYH. 

15 The pixels of the first line are turned ON or OFF in 
the tt period and this operation is thereafter 
repeated till the Nth line. At this time, the switches 
25, 26 select Vns and Vnw, respectively. 

After re-write of all the picture surfaces is 

20 complete, the scanning circuit 29 and the line 
memory 27 are reset by the reset signal RS and the 
scanning signals Q *V Cn and the display signals £\ 
"V £\_ are set to "L\ Accordingly, the non-selection 
voltage Vns*is applied to all the scanning electrodes - - 

25 while the non-write voltage Vnw is applied to all the 
signal electrodes, thereby holding the display state. 

An application example of the present invention 
will be described with reference to Figs. 26 and 27. 
Fig. 26 shows the outline of an m-row ^-column 

30 liquid crystal panel 32. A driving method of this liquid 
crystal panel, where the scanning electrodes are 
divided into m blocks and each block has n columns, 
will be described. 

Driving is made while the initialization operation 

35 and the write operation are effected as a pair for 
each of the blocks. The outline of this driving method 
will be described with reference to Fig. 27. 

The driving waveform shown in the drawing is 
based on the voltage state diagram shown in Fig. 23 

40 where the number of columns of one block is n = I0. 
However, the 0 V period is provided in the 
initialization voltages Vix and Viy- 

A tEi period is the period in which all the pixels 
contained in the block I are initialized (turned OFF), 

45 and the write operation into the block I is then made 
by line sequential scanning in a subsequent t W 2 
period. 

The operation described above is effected se- 
quentially for the blocks 2. 3. ... and so forth and all 
50 the picture surfaces are re-written. 

The re-write operation of the picture surface may 
be effected either in a predetermined period, or only 
when the display content is changed. In the latter 
case, only the block (s) for which the change is 
55 necessary may be selected. 

Next, matrix driving dealt with in the present 
invention is schematically shown in Fig. 28. Fig. 28(a) 
shows the outline of the matrix panel. Reference 
numerals 120a ~V 120c represent scanning elec- 
60 trodes, I2la *V 121c are signal electrodes and 122 is a 
pixel. 

Each of the pixels operates by the difference 
voltage between the impressed voltages Vxi *V Vx3 
to the scanning electrodes I20a *V 120c and the 
65 impressed voltages Vy\ 'V Vy3to the signal electrode 
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I2la X !2lc. 

Fig. 28(b) shows the voltage waveform applied to 
each pixel for each line of the lines I to 3. The write 
operation is made in the sequence of from line I to 
line 3 in the longitudinal "direction. $ 

First of all, the pixels of the line I are set to the 
display OFF or display ON state by first driving (in 
the period Ti). Next, a voltage for holding the initial 
state or a voltage for inversing the initial state is 
applied to the pixels of the line I by second driving (in 10 
the period T s ). While the pixels of the line I are being 
driven by second driving, the pixels of the line 2 are 
set to either the display OFF state or the display ON 
state by first driving. Next, a voltage for holding the 
initial state or a voltage for inversing the initial state 15 
is applied to the pixels of the line 2 by second 
driving. The pixels of the line 3 are driven by the 
same driving method as described above. 

This write operation may be effected in a predeter- 
mined period. Alternatively, after one picture surface 20 
is re-written, the scanning voltage Vxi "V Vx3 and the 
signal voltage Vyj 'Y V Y 3 are all made to the same 
potential (inclusive of 0 V), or no voltage at all is 
applied. 

Fig. 29 shows an example of the driving wave- 25 
forms. The scanning voltage Vx consists of the 
initialization voltage of ±4 Vo, the selection voltage 
of ±2 V, the non-selection voltage of 0 V and the 
holding voltage Vhx of 0 V. However, the holding 
voltage Vhx may be omitted. 30 

On the other hand, the signal voltage Vy consists 
of the write voltage Vw of IVo, the non-write voltage 
Vnw of h=Vo and the holding voltage V H y. However, 
the holding voltage Vh may be omitted. 

As a result, voltages A\G are applied to the 35 
liquid crystal. The waveforms A and B are the 
voltages that turn the display state of the liquid 
crystal to the display OFF state. In this case, the 
following relation must be satisfied in order to bring 
the liquid crystal to the display OFF state by the 40 
waveform A, too: 

1 3 Vo I ^ V W sat<OFF) 

The waveform C is the voltage that inverses the 
display OFF state brought forth by the waveforms A, 
B to the display ON state. Quite naturally, the 45 
following relation is set: 

1 3 Vol ^ V W sat(ON) 

The waveforms D. E and F are the holding voltages 
that hold the display OFF state of the pixels brought 
forth by the waveforms A and B. and the following 50 
relation must be satisfied: 

I Vol ^ Vhth(ON) 

Further, the waveform GJs the holding voltage 
that Jjolds the display state that is determined by the 
waveforms A, B or the waveform C. 55 

The first driving shown in Fig. 28(b) is the 
waveforms A and B while the second driving is the 
waveform C. 

On the other hand. Fig. 30 shows the voltage state 
when the liquid crystal is set to the display ON state 60 
by the first driving, in this case, the following relation 
is to be satisfied: 

!3vol ^ Vwsat(OFF). V WS at(ON) 
I Vol ^ Vbth(OFF) 

Next. Fig. 28 shows an example of the scanning 65 



voltages Vxi A. V X 3 and the signal voltages Vyi *\- 
Vy3 for setting the pixel Pa to the display ON state 
and the pixels P b , P c to the display OFF state, and 
the voltages applied to the liquid crystal. 

The voltage waveforms shown in the drawing are 
for turning the initial state to the display OFF state. 
Symbol tt is the initialization period of the line I, t 2 is 
the selection period (write period) of the line I and 
the initialization period of the line 2, t 3 is the 
selection period of the line 2 and the initialization 
period of the line 3 and t 4 is the selection period of 
the line 3. 

Fig. 32 shows an example of the voltage wave- 
forms for turning the initial state to the display ON 
state. 

Fig. 33 shows a modified example of the voltage 
waveform shown in Fig. 3i. This waveform is 
characterized in that a 0 V period is disposed for a 
time At in the selection period. This driving method 
is effective particularly for preventing the response 
of the liquid crystal by the ±Vo voltage in the 
non-selection period. This driving method can be 
applied to the voltage waveform shown in Fig. 32. 

Fia;. 34 shows an example of the driving circuit for 
accomplishing the driving method of the present 
invention. Reference numeral I23 represents a liquid 
crystal panel; I24 is a signal electrode; J25 is a 
scanning electrode; I26 and I27 are analog switches; 

128 is a scanning circuit; I29 is a switch; I30 is a line 
memory; and I3I is a shift register. 

The analog switch I26 selects an a input when the 
scanning signal C1 *V Cm is "L" and a b input when 
the latter is "H\ Further, the analog switch I27 
selects the a Input when the display signal h *V l|_ is 
"L" and the b input when the latter is "H\ The switch 

129 selects the a input when the selection signal SL is 
"L" and the b input when the latter is "H". 

The a input of the analog switch I27 is a V SC an 
voltage shown in Figs. 31 to 33. This voltage is 
generated by synthesizing the initialization voltage 
Vrx and the selection voltage Vs shown in Figs. 31 and 
30. The b input is set to 0 V. 

On the other hand, the a input to the analog switch 
I27 is set to the write voltage Vw and its b input, to 
the non-write voltage Vnw or 0 V. 

Fig. 35 is a flowchart of the operation of the circuit 
shown in Fig. 34. 

During the re-write operation of one picture 
surface, the selection signal SL is set to "H" and the 
b input of the analog switch I27, to the non-write 
voltage Vnw. As to the scanning signal C1 *V Cm, the 
"H" period is overlapped for the I/2 period. 

Though not shown in the drawing, the operation 
shown in Fig. 35 may be effected only for the re-write 
portion. 

Furthermore, the relation between the scanning 
voltage V x and the signal voltage Vy shown in 
Figs. 29 and 30 is not limitative, in particular. 

Furthermore, though it is convenient to use a 
liquid crystal panel whose display state exhibits 
bi-stability, the characteristics of the liquid crystal 
are not particularly limitative so long as a ferroelec- 
tric liquid crystal is used. 

Fig. 36 shows another embodiment of the liquid 
crystal panel used in the present invention. Ref- 
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erence numerals 132 and [33 represent signal 
electrodes, 134 is a pixel and 135 is a scanning 
electrode. In order to make matrix driving of this 
liquid crystal panel, the initialization operation and 
the write operation are made for each scanning 
electrode (for every two tines). As a result, the write 
time Fig. 1(a) can be particularly reduced to the half 
of the liquid crystal panel shown in Fig. 28(a). 

Further, Fig. 37 shows still another embodiment of 
the liquid crystal panel. Reference numeral 135 
represent a signal electrode and 136 is a scanning 
electrode. The picture surfaces of the blocks A and 
B are simultaneously re-written by the driving 
method shown in Fig. 38(b). As a result, the re-write 
time can be reduced by half in the same way as in 
Fig. 36. 

Fig. 39 shows schematically the line sequence 
time-division driving waveforms in accordance with 
the present invention. Fig. 39(a) shows schemati- 
cally the driving voltage V L c of the liquid crystal. A 
first voltage is applied primarily in the selection 
period (to *V ti) to determine the light transmission 
state of the liquid crystal and a bias voltage as a 
second voltage is applied primarily in the non-selec- 
tion period (tt 'V ts). 

Figs. 39(b) and 39(c) show one example of the 
waveform of the bias voltage as the second 
characterizing feature of the present invention. The 
period Ts is equal to the period for selecting one line. 
The voltage values Vbi, Vb2 and the pulse widths Tbi, 
Tb2 are set at which the display state of the liquid 
crystal does not inverse substantially. 
. The term "voltage that does not substantially 
cause the inversion of the display state" means that 
though the liquid crystal molecules in the bulk (near 
the center of the liquid crystal layer) are inversed, 
they are not inversed in the proximity of the 
electrodes or the liquid crystal orientation film. 

The phenomenon described above will be ex- 
plained optically. When a third voltage such as 0 V, 
an A.C. voltage of from several kHz to some dozens 
of kHz or no application of the scanning and signal 
voltages is made as the impressed voltage after 
removal of the bias voltage, the liquid crystal 
molecules return to the light transmission state 
determined in the selection period (such as the 
display state in the display mode), and this phe- 
nomenon will be hereinafter referred to as "relaxa- 
tion' 1 . 

If Vbi = Vb2 and Tbi = Tb2, the mean values 
become zero (0) and the D.C. component becomes 
zero, too and this is convenient for the life of the 
liquid crystal. 

On the otfher hand, the Tbo period (about 0 V) is 
set to be longer than the time t s (relaxation time) in 
which relaxation described above occurs. This will 
be explained with reference to Figs. 40 and 41. 

As shown in Fig. 40, the liquid crystal is turned ON 
in the selection period. Next, after the negative 
voltage (-1/aVo) of the bias voltage of the liquid 
crystal is removed in the non-selection period, the 
impressed voltage is again made to be about 0 V for 
a period T 0 longer than the time t r before the liquid 
crystal molecules again return to the ON state. 
Hereinafter, the voltage impressed in the period To 



will be referred to as "an erasing voltage"'. This 
erasing voltage is substantially the threshold voltage 
of the liquid crystal. 

Fig. 41 shows the state opposite to the operation 

5 described above. 

The relaxation time t r and tf shown in Figs. 40 and 
41 are sometimes not equal to each other depending 
particularly upon the orientation film and the orienta- 
tion processing method. In this case, the erasing 

10 voltage is applied for a period longer than the longer 
period of these two periods t r and tf. Incidentally, the 
longer period of t r and tf will be referred to as the 
"relaxation time to". 
As described above, since the insertion time To of 

15 the erasing voltage is set to satisfy the relation T 0 
£ to. the transmission light quantity varies within a 
limited period but it becomes on an average a 
substantially constant light transmission quantity so 
that display flicker can be prevented. 
20 Incidentally, symbol a represents a bias ratio. 
Though not particularly limitative, it is convenient if a 
is set to satisfy the relation a ^ 3 because the 
voltage peak value applied to the liquid crystal in the 
semi-selection state, where the scanning electrodes 
25 are in the selection state but the signal electrodes 
are in the semi-selection state, becomes ±l/aVo or 
below. 

Here, the voltage V 0 shown in Figs. 40 and 4l will 
be defined. Fig. 42 shows a liquid crystal driving 

30 voltage V L c and the change of brightness B of the 
liquid crystal at that time in order to measure the 
electro-optical characteristics of the liquid crystal. 
The driving voltage Vlc consists of pulses A, B, C 
and D. Among them, the pulses A, B are applied to 

35 measure the optical characteristics when the liquid 
crystal is in the display OFF state and the pulses C T D 
are applied to measure the optical characteristics 
when the liquid crystal is in the display ON state. 
The result of measurement at this time is shown in 

40 Fig. 43. First of all, in order to measure the optical 
characteristics when the liquid crystal is in the 
display OFF state, the liquid crystal is set to the 
display ON state by the pulse A and thereafter the 
pulse B having an opposite polarity to the pulse A. a 

45 pulse width T w and a peak value -Vw is applied. To 
measure the optical characteristics when the liquid 
crystal is in the display ON state, the pulse C is 
applied to set the liquid crystal to the display OFF 
state and then the pulse D having an opposite 

50 polarity to the pulse C, a pulse width Twvalue V w is 
applied. 

The pulse width and peak value of the pulses A 
and C as the first voltage that sets the liquid crystal 
fc the display ON and OFF state assumes the value 

55 ax which the liquid crystal exhibits bistability. 
Optically, it is a driving condition in which the 
brightness B gets into saturation. From the aspect of 
the liquid crystal molecule level, the direction of the 
liquid crystal molecules near the boundary with the 

30 substrate is substantially in agreement with the 
direction of the liquid crystal molecules near the 
center of the liquid crystal layer. In other words, it is 
the state where the dipole moments of the liquid 
cyrstal molecules are aligned in the direction of the 

35 electric field throughout the liquid crystal layer. 
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In Fig. 43, |V W | at which the brightness B 
increases and decreases by 900/o when the peak 
value IVwl of the pulses B, D is changed is defined 
as Vwsat(on) and V WS at(oft), respectively. 

The experiments carried out by the present 5 
inventors represent that Vw Sa t<on) and V WS at(off) are 
not always in agreement with each other depending 
upon the material of the liquid crystal, foe orientation 
film and the orientation method. They change also in 
accordance with the pulse width of the puises B, D. w 

Here, the greater one of V W sat(on) and Vwsat(off) 
when the pulse width Tw is set to be constant is 
defined as Vo. Quite naturally, Vo changes with the 
pulse width Tw. 

The substantial threshold voltage of the liquid 15 
crystal is the voltage at which the brightness B does 
not change when the pulse width Tw of the pulses B, 
D shown in Fig. 16 is co, that is, the voltage that does 
not affect the brightness determined by the pulses 
A, C. 20 

Next, a definite driving waveform will be explained. 
Fig. 44 shows a liquid crystal panel consisting of the 
signal electrodes 14, the scanning electrodes 15 and 
the pixels 2I6a "V 2l6e. Now, the scanning voltage 
and the signal voltage when the pixels of the pixels 25 
216a *V 2l6e are in the display state shown in the 
drawing, and the voltage waveform applied to the 
pixel 2I6a will be explained. 

Fig. 45 shows a driving method which applies the 
first voltage only for a period T s t before the start of 30 
scanning so as to bring all the pixels into the display 
OFF state, and then a voltage holding this display 
state (a second voltage: ±1/3 Vo, third voltage: 0 V) 
or a first voltage (qpVo, 0 V) for inversing the display 
state to the liquid crystal. Incidentally, all the pixels 35 
may be brought into the display ON state during the 
T st period. Though a = 3 in the drawing, this is not 
particularly limitative. 

Fig. 46 shows another driving method. This 
method applies in advance the first voltage to the 40 
pixels of one line before the selection period and 
then applies a voltage (the second voltage: ± 1/3 Vo, 
the third voltage: 0) for holding the display state or 
the inversing (turn-on) first voltage ( ± Vo, 0 V) to the 
liquid crystal. The display state may be set to the ON 45 
state. 

Fig. 47 shows still another driving method. This 
method is characterized in that the display ON state 
or the display OFF state is determined in one 
selection period. 50 

In the orientation state of the liquid crystal 
molecules shown in Fig. 38, the orientation of the 
liquid crystal molecules changes by Q from the layer 
normaj depending upon the polarity of the voltage. 
At this time, there is a difference in the change of 55 
0 depending upon the orientation film and the 
orientation processing condition even when the 
conditions of the positive and negative voltages are 
the same. This phenomenon is particularly remark- 
able in the proximity of the electrodes. This 60 
phenomenon causes the difference in the threshold 
voltage of the liquid crystal when the voltages of the 
positive and negative polarities are applied to the 
liquid crystal. 

Accordingly, excellent display can be obtained by 65 



shifting the bias voltage shown in Fig. 39(b) from 0 to 
AV in the To period shown in Fig. 48. Here, this 
example illustrates the case where the liquid crystal 
whose threshold voltage of the positive polarity is 
higher than that of the negative polarity is driven. 

Vo and the like are determined so that the mean 
value becomes 0 in the T s period. 

The driving methods described above can also be 
applied to liquid crystal panels that do not exhibit 
bi-stability. 

Furthermore, the present invention can be applied 
to optical switching devices for use in liquid crystal 
printers, and the like. 

The present invention can accomplish a large 
capacity display because it can shorten the re-write 
time of one picture surface of a one-line selection 
time. The present invention can display video signals 
on the real time basis. 

In accordance with the present invention, the light 
transmission state of the liquid crystal does not 
change in accordance with the voltage applied to the 
liquid crystal during the non-selection period, and 
the variance of the light transmission state does not 
occuj" in consequence. Since this results .jn th% 
prevention of contrast, a high quality liquid crystal 
device can be obtained. 



Claims 

1. In a matrix driving method of a liquid crystal 
display device having a ferroelectric liquid 
crystal interposed between X and Y electrodes, 
a liquid crystal matrix driving method charac- 
terized in that at least pixels for changing the 
light transmission state are in advance set to 
the initial state of either a light ON state or a 
light OFF state and are then kept selectively in 
said initial state or brought into the other of the 
light ON state or the light OFF state by 
time-division driving. 

2. A liquid crystal matrix driving method 
according to claim I, wherein when said initial 
state is set to the light ON state, a write voltage 
below V W sat{OFF) for bringing the liquid crystal 
to the light OFF state or a voltage below a first 
threshold voltage Vbth(OFF) of the liquid crystal 
is applied, and when said initial state is set to 
the light OFF state, a write voltage above 
Vwsat(ON) for bringing the liquid crystal to the 
light ON state or a voltage below a second 
threshold voltage Vbth(OW) of the liquid crystal is 
applied to the liquid crystal. 

3. In a matrix driving apparatus of a liquid 
crystal device having a ferroelectric liquid 
crystal interposed between X and Y electrodes, 
a liquid crystal driving apparatus comprising 
first driving means (23a - 23d. 24a - 24d, 25, 26) 
for bringing simultaneously pixels into a light 
ON or OFF state for one line or more, and 
second driving means (23a - 23d, 24a - 24d, 25, 
26) for bringing said pixels into the light ON or 
OFF state in accordance with display signals. 

4. A liquid crystal driving apparatus according 
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-to claim I, wherein said pixels of an (N + f)th line 
are driven by said first driving means when said 
pixels of an Nth line are being driven by said 
second driving means. 

5. A liquid crystal driving apparatus according 5 
to claim 3, which further includes means for 
applying, to said pixels, a first driving voltage (D. 

E. F. G in Fig. 29) for holding said light OFF state 
or a second driving voltage (C in Fig. 29) for 
inversing said light OFF state by said second 10 
driving means when said pixels are brought into 
said light OFF state by said first driving means, 
and said first driving voltage (G in Fig. 29) for 
holding said light ON state or a third driving 
voltage (A, B in Fig. 29) of inversing said light 15 
ON state by said second driving means, when 
said pixels are brought into said light ON state 
by said first driving means. 

6. In a time-division driving method of a liquid 
crystal device interposing a ferroelectric liquid 20 
crystal between scanning electrodes the num- 
ber of which is plural and signal electrodes the 
number of which is plural a time-divison driving 
method of a ferroelectric liquid crystal device 
comprising: 2 5 

applying primarily a first voltage to said 
ferroelectric liquid crystal so that the direction 
of ferroelectric liquid crystal molecules in the 
proximity of said scanning electrodes and said 
signal electrodes is substantially in agreement 30 
with that of said ferroelectric liquid crystal 
molecules at about an intermediate portion 
between said scanning electrodes and said 
signal electrodes, in a selection period which 
determines the light transmission state of said 35 
liquid crystal device; and 

applying a second voltage so that the 
direction of said ferroelectric liquid crystal 
molecules in the proximity of said scanning 
electrodes and said signal electrodes is sub- 40 
stantially in agreement with that in said selec- 
tion period and the direction of said ferroelec- 
tric liquid crystal molecules in the proximity of 
said scanning electrodes and said signal elec- 
trodes is different from that at said intermediate 45 
portion between said scanning electrodes and 
said signal electrodes, and a third voltage in 
mixture with said second voltage, so^that the 
direction of said ferroelectric liquid crystal 
molecules in the proximity of said scanning so 
electrodes and said signal electrodes is sub- 
stantially in agreement with that in said selec- 
tion period, and the direction of said ferroelec- 
trjf liquid crystal molecules at said intermediate 
portion between said scanning electrodes and 55 
said signal electrodes is substantially in agree- 
ment with that in said selection period, in a 
non-selection period which holds the light 
transmission state of said liquid crystal device. 

7. A time-division driving method of a fer- 60 
roelectric liquid crystal device according to 
claim I, wherein said first, second and third 
voltage satisfy the relation : 

first voltage > second voltage > third 
voltage ~ 65 



8. A time-division driving method of a fer- 
roelectric liquid crystal device according to 
claim I or 2, wherein said third voltage is applied 
at a pre-stage or postage of said the period for 
selecting one line. 

9. A time-division driving method of a fer- 
roelectric liquid crystal device according to 
claim I, 2 or 3, wherein the application time of 
said third voltage is equal to. or longer than, the 
relaxation time of said ferroelectric liquid crys- 
tal. 
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